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Non technical summary:
This paper analyzes the link between the diffusion of information-and communication technology (ICT) and both the skill structure and employment expectations of the different skill categories at the firm level. We distinguish between six different worker categories: workers with a five-and four-year university degree, masters and technicians, workers with a certificate from the dual vocational system, unskilled workers as well as ICT workers.
The diffusion of ICT is emphasized as one of the most important factors explaining the shift in labor demand towards high-skilled or skilled workers and away from unskilled workers. Both ICT and the Internet have become an important presence in the workplace. According to a new comprehensive survey, almost one third of the employees in German firms now have Internet access.
Furthermore, 43 percent of employees are using a computer on the job for at least half of their working time. The purpose for which computers are employed is also important. Approximately 62 percent of the German firms are users of enterprise resource planning (ERPs) software.
The main result is that firms with a greater penetration of ICT employ a larger fraction of workers with a university degree, in particular workers with a five-year degree. In contrast, a greater penetration of ICT tends to reduce the share of both medium-skilled and unskilled workers. Overall, the results are consistent with the technology-skill complimentarity hypothesis. The magnitude of the relationship between the penetration of ICT and the skill structure is relatively small for different educational qualifications and is somewhat higher for ICT workers. Most importantly, our findings indicate that the significantly positive relationship between ICT penetration and either high-skilled labor or ICT workers is considerably larger in the ICT sector than in the service or the manufacturing sector (excluding the ICT sector). Similarly, the significantly negative relationship between both unskilled or medium-skilled labor and the diffusion of ICT is more pronounced in the ICT sector and to a lesser extent in the service sector than in the manufacturing sector. Finally, the use of software applications such as ERP software, database management/datawarehouse software as well as CAD/CAE is also a important determinant of the firms' skill structure.
Introduction
The diffusion of ICT is emphasized as one of the most important factors explaining the shift in labor demand towards high-skilled or skilled workers and away from unskilled workers. Information and communication technologies as well as the Internet have become an important presence in the workplace. According to a comprehensive new survey, almost one third of the employees in German firms now have Internet access. found that ICT capital is positively correlated with investment in human capital and workforce skills. The authors conclude that skill-ICT complementarity is the dominant factor in explaining the demand for skilled labor. Doms, Dunne and Troske (1997) examine the effect of computer investment on the share of nonproduction workers using U.S. plant level data and found a significantly positive relationship. Similarly, Siegel (1998) uses plant level data to show that plants using more factory automation technologies employ more highly paid workers.
Bresnahan (1999) presents a theoretical firm-level based analysis of the impact of the expansion of ICT on the qualification structure of the workforce, dividing the role of ICT into two separate effects. On the one hand, the fall in demand for low-and medium-skilled labor results directly from the systematic substitution of computers for human decision-making. However, only a certain number of unskilled and medium-skilled tasks can be replicated by ICT, and thus only 'limited substitution' takes place. On the other hand, upon computerization of the production process, the demand for highly skilled workers who can efficiently use newly introduced ICT structures rises.
For Germany, Kaiser (2000) investigates the impact of information and com-munication technologies on the demand for heterogeneous labor at the firm level.
The data are used in this study are cross-sectional data on business related services taken from the Mannheim service innovation survey (MIP) 1997. The dependent variables are the firm's forecast of the change in net employment of three different skill groups over the next two years. Using a trivariate ordered probit model a positive impact of current ICT investment to total investment is detected for expected employment growth of university graduates and a significant negative impact revealed for the least skill groups.
Using a similar data set, Kukuk (2000) extends the previous analysis in the following ways. First, the author distinguishes between five educational qualification groups. Second, in order to account for the ordinal characteristics of the regressors an indirect estimation procedure is developed. Using a multivariate (seemingly unrelated) ordered probit model the author found that the ratio of ICT investment to total investment is positively related to the employment expectations of high-skilled labor and negatively related to unskilled labor. Falk and Seim (2001a) analyze the link between educational qualification structure and the ICT investment output ratio. The analysis is based on 1996 crosssectional data (MIP 1997) for approximately 1,000 West German firms in service industries. Using both ML tobit and CLAD estimation techniques, the authors found that firms with a higher ICT investment output ratio employ a larger fraction of high-skilled workers at the expense of unskilled workers. To a lesser extent, the positive ICT effect carries through for workers with vocational degrees including masters and technicians. Furthermore, they found that firms' expectations of the future size of their high-skilled workforce are positively related to their initial ICT investment output ratio. Using panel data for about 900
West German firms over the period 1994-96, Falk and Seim (2001b) investigate the link between the high-skilled employment share and information technology (ICT) in the service sector. To account for the presence of zero observations in the high-skilled employment share, fixed and random effects tobit models are applied. Coefficients are allowed to vary across subsectors. The empirical evidence indicates that firms with a higher ICT investment output ratio employ a larger fraction of high-skilled workers. However, the size of the elasticity of the high skilled employment share with respect to the ICT-investment output ratio is rather small and is also sensitive to the estimation method that is employed.
Elasticities based on the semi-parametric fixed effects tobit model are considerably lower than those estimated by the standard random effects ML tobit as well as pooled ML tobit model.
Using panel data for the period 1994 and 1996 (MIP 1995 and 1997), Jacobebbinghaus and Zwick (2001) found that innovation expenditures and investments in information and communication technologies lead to a lower employment share of workers with a certificate from the dual vocational system, whereas other investments lead to higher shares. In order to account for the censoring of the employment share the (CLAD) estimator and symmetrically censored least squares are employed. Firm-specific fixed or random effects, however, are not explicitly modelled.
This paper examines the relationship between the use and diffusion of information and communication technologies and the educational qualification structure.
In particular, we distinguish between six separate skill categories, workers with a university degree (two types: four-year as well a five-year degrees), masters and technicians, workers with a certificate from the vocational school system, unskilled workers and ICT workers. Apprentices are excluded from the unskilled share. Our econometric work takes into account that a certain fraction of firms in the sample does not employ any workers of a given skill class. Apart from the standard ML Tobit, we employ Powell's (1984) censored least absolute deviations (CLAD) estimator which makes less restrictive assumptions about the functional form of the error term. This estimator is therefore preferable to the standard Tobit estimator in cases of heteroscedastic or non-normally distributed error terms. Furthermore, we also investigate the impact of ICT penetration on the employment expectations of different skill types.
We use a new data set that contains information on the diffusion and usage of ICT, the number of workers of different educational qualifications as well as the number of ICT workers. This survey contains both manufacturing and service firms. ICT diffusion is measured as percentage of workers using a computer on the job, the percentage of workers with internet access and the number of computers per worker. The data allows for a distinction between the use of various types of software applications, such as the use of ERP systems, database management systems and CAD/CAE tools (measured by a three point scale from "no use"
to "heavy use"). Since networks link employees within the firm, the degree of connected computers may be a further determinant of both the skill intensity and the expected employment change. This paper extends the previous literature in the following ways. First, the previous literature mainly focuses on the impact of information technology on different educational qualifications (see for example Autor, Katz and Krueger 1998). In this paper, we also analyze the relationship between ICT penetration and the employment share of ICT workers. Many types of information and communication technologies require ICT workers to install and maintain them.
Therefore, we expect a significant larger effect of the usage of ICT on the share of ICT workers than on the share of high-skilled workers. Second, most previous studies using firm level data focus either on manufacturing or non-manufacturing firms. Kaiser (2000) , Kukuk (2000) as well as Falk and Seim (2001a,b) , for instance, only focus on the impact of ICT investment on three or five educational qualification groups in service firms. In this paper we distinguish between the manufacturing sector, the non-manufacturing sector, as well as the ICT sector. The layout of the paper is as follows. Section 2 outlines the empirical model, while section 3 describes and summarizes the data. In section 4, we present the results for the employment share equations as well as the determinants of employment expectations. Section 5 concludes. 2 We use the OECD definition of the ICT industry.
Empirical Modelling

Employment share equations
To examine the relationship between the usage of ICT and the educational qualification structure, employment shares of each skill class, E in the employment share equation for university graduates, for example, indicates that the percentage of workers with internet access, E W EB /E, is a complement to workers with a university degree. In the empirical part of the paper, we calculate the elasticities of the employment shares with respect to the different ICT diffusion indicators:
ICT-skill complementarity is found if the elasticities increase with the skill
Before proceeding two caveats are in order. First, to carry out the empirical work relative wages have to be included into the employment share equations. 
Estimation procedure
Censored regression model of the employment share equation 
where ε denotes the error term and β the vector of coefficients. The observed value of the dependent variable, y, is given by:
with L being the lower censoring bound. 4 An alternative estimation procedure for the employment share equations fol- 
The CLAD estimator of β minimizes the sum of absolute deviations, |ε| , assuming a conditional median restriction on the error term. The objective function can thus be specified as:
The CLAD estimator uses the observation so that the median is preserved by monotone functions. Hence, at the presence of censored data, the median of the observations is identical before and after censoring. The CLAD estimator's performance has been shown to be sensitive to the degree of censoring. In our sample, however, censoring at the lower bound, zero, ranges only from 7 percent for workers with a certificate from the dual vocational system to 34 percent for unskilled workers (see Table 4 ). Approximately, 31 percent of the firm do not employ ICT workers. The sample's degree of censoring falls, therefore, well within the limits specified by McDonald and Xu (1996) validating the use of CLAD procedures. Paarsch (1984) points to a further weakness of the CLAD estimator, namely its finite sample bias resulting in mean-biased results for small samples (n<100). In such cases, the standard Tobit MLE produces superior results with smaller standard errors than Powell's CLAD. Therefore, we base a comparison of Tobit MLE and CLAD only on large subsample sizes with at least 500 observations instead of the smaller industry-level subsamples. A final difficulty arising in the application of the CLAD estimator is computational rather than conceptional. The CLAD estimator involves the minimization of an objective function that is not necessarily convex in β. Thus, obtaining a global minimum of the objective function using numerical minimization algorithms based on approximations of the first derivative can be difficult, and convergence to a global minimum cannot necessarily be guaranteed. We use ML Tobit as well as least absolute deviations (LAD) estimates as starting values and also experiment with different starting conditions to check for the presence of other minima. Following Melenberg and Van Soest (1996) we employ the Simplex Nelder-Mead algorithm to minimize the objective function. 5 A different estimation technique 5 We apply the Nelder-Mead simplex algorithm included in the GMAXIM Gauss package.
of the CLAD estimator is the iterative linear programming algorithm (ILPA)
suggested by Buchinsky (1991) and implemented in STATA 7 as ado file (see Jolliffe et al. 2000) . 6 My experience has been that this estimator fails to converge several times. The difference in the estimates between both algorithms used for the CLAD estimator, however, is very small. Furthermore, since the estimator's asymptotic variance-covariance matrix (as specified by Powell, 1984) involves the estimation of the density function of the error term, we use bootstrap estimates of the standard errors with about 500 draws. Here, the standard errors are obtained by a simple random draw. 7 The underlying assumption is that the data are a random sample from the total population. Finally, each employment share equation can be estimated efficiently using single equation censored regression model. This can be justified by the fact the right hand variables are similar across the equations. In addition, in the absence of factor prices is not necessary to impose the conditions of symmetry and linear homogeneity in factor prices.
Ordered Probit equations explaining the expected change in the employment of the five skill types
The previous specification of the employment share equations analyzes the relationship between ICT diffusion indicators and the skill intensity of the firm.
To estimate the influence of ICT on the expected change in employment we choose to use ordered probit models. Let e Y * il denote the unobserved desired employment change for firm i and let x 1i , x 2i , ...x mi , be a vector of explanatory variables for firm i. Define
where the underlying dependent variable e Y il indicates three different categories of expected employment change for the five different types of labor l = U, M 1 , M 2 , H 1 , H 2 from period t to period t + 1. The observed categories are defined as follows:
The parameters chosen will maximize the likelihood of the observed sample over i=1,2,..,n firms. In practice, however, the efficiency gains are very small. Breslaw and McIntosh (1998) pointed out that with 5000 observations single equation ordered probit estimates were almost identical to estimates from a multivariate ordered probit model.
Marginal effects are calculated as follows:
and
where φ( . ) denotes the density function of the normal distribution.
Hypotheses
Bresnahan ( This process of 'organizational complementarity' is likely to be more pronounced at the firm level than at the employee level. A number of implications for empirical investigations of the role of ICT in today's workforce arise. First, the effect of ICT should be examined at the firm level since we expect benefits for both the organization and the individual employee. Second, the usage of ICT may have a negative impact on both the demand for medium-and unskilled workers.
These effects, however, should be relatively small. Finally, only the highest skill group, in particular professionals and managers, can be expected to benefit from computerization. Similarly, Bartel and Lichtenberg (1987) argue that firms will hire more highly skilled labor in the aftermath of technological changes. This can be justified by the fact that they have a comparative advantage in implementing new technologies due to their ability of solving problems and adapting to changes in the work environment.
In the following, we advance five hypotheses concerning the relationship between the skill structure of workers and the usage of information technology, which we proceed to evaluate in the following empirical work: Hypothesis 1. ICT-skill complementarity: Highly educated labor is complementary rather than a substitute for ICT. Conversely, ICT is a substitute for both unskilled and medium-skilled labor. Furthermore, we also expect that different types of ICT are positively related to the employment expectations of highly skilled labor.
Hypothesis 2. The hypothesis of 'limited substitution' predicts that the magnitude of effects of ICT on both medium-skilled and unskilled labor should be relatively small. • Approximately what percentage of the PCs, workstations or terminals are networked or interconnected?
• Number of PCs, workstations or terminals?
• Which of the following software applications are used by employees in your • Can your employees access Internet? (yes/no) and if so, approximately what proportion of employees in your firm has internet access?
• What is the number of skilled ICT workers in 1999 and 2000? (excluding ICT apprentices).
• What is the proportion or the total number of employees of five different educational qualification categories in 1999 (workers with a five-year university degree, workers with a four-year university degree, masters and technicians, workers with a certificate from the dual vocational system, workers with no formal qualification as well as apprentices).
• Employment expectations for five skill categories as well as ICT workers be- Skill structure is measured by the employee's level of educational qualification.
Two types of high-skilled workers are available. The first group denotes employees with a five-year university degree and the second group with a four-year university degree from a technical college ('University of Applied Sciences').
Excluding firms with less than 5 employees led to a reduction of the sample to 4149 firms. Incomplete information on the ICT variables as well as the expected employment change variables further reduced the sample by 565 firms. Furthermore, a large number of firms refused the answer on the educational qualification structure (702 firms). Therefore, we work with two sample sizes depending on the set of dependent variables. The mean percentage of total employment in these occupational groups is about 4.7 percent (weighted by sample weights) (see Table 1 ). Unreported results show that the share of ICT workers range between 2.3 percent in manufacturing and 36 percent in the ICT sector. The survey also contains information on the share of connected PCs, mainframes and terminals. This variable is regrouped into four categories, ranging from no use to 49 percent, between 50 and 74 percent, 75 to 99 percent and 100 percent. As many as 50 percent of the firms report that computers are completely connected and a further 13 percent of the firms report that the share of connected computers ranges between 75 and 99 percent (see Table 2 ).
Our survey also requested information on whether computers are used for each of six purposes, and if so, the level of use on a 2 point scale from small use to heavy use (see Table 2 ). In 2000, 62 percent of German firms report a use of ERP software (among them 25 percent of the firms are heavy users and 36 8 All figures are weighted by sample weights. 
Empirical Results
CLAD estimates for the employment share equations
In order to quantify the main factors behind the skill structure, the employment shares are regressed against the potential determinants discussed above. As noted earlier, the percentage share of zero values ranges between 7 percent for the employment share of workers with a certificate from the dual vocational system and 34 percent for the unskilled employment share. For ICT worker share the percentage of zero values is 31 percent. Table 5 reports the CLAD estimation results for the five skill classes as well as for the share of ICT workers. 9 Estimation results of ML Tobit model are reported in Table 6 . Since estimates using sample 
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The central result to be drawn from the CLAD estimates is the significant relationship between firms' skill structure and the penetration of information and communication technology (see Table 5 ). Each of the three primary indicators (computers per worker, percentage of workers using a computer on the job as well as the percentage of workers with internet access) are significant at the one percent level in most of the cases. Notable exceptions are the impact of ICT on masters and technicians as well as the coefficient on the percentage of workers using a computer on the job in the employment share equation of workers with a five-year university degree. As expected, the relationship between ICT penetration is significantly positive for both high-skilled labor shares and significantly negative for workers with a certificate from the dual vocational system as well as for unskilled labor. This indicates that high-skilled labor serves as a complement to ICT confirming our first hypothesis. Conversely, both medium-and unskilled labor are substitutable to ICT. In addition, we find that firms with a greater ICT penetration employ a larger fraction of ICT workers.
To shed light on the magnitude of the relationship between the usage of ICT and the employment share we convert coefficients into elasticities. These elasticities measure the percentage change of the different employment shares with respect to a 1-percent increase in one of the three ICT penetration indicators (see Table 5 shown at the bottom). In general, the magnitude of these elasticities is rather small with higher elasticities for ICT workers than for workers with a university degree. For ICT workers we find elasticities ranging between 0.67 for the percentage of workers using a computer at work and 0.23 for the percentage of workers with internet access. The former elasticity, for instance, indicate that a firm with a ten percent higher share of workers using a computer at workplace will have a higher share of ICT worker by about 0.6 percentage points (from a mean percentage share of 8.8 up to about 9.3 percent). Conversely, the elasticities of the share of university graduates with respect to the ratio of computers per worker are relatively small, ranging between 0.38 for university graduates with a five-year degree and 0.20 for workers with a four-year university degree. These elasticities indicate that a firm with a ten percent higher ratio of computers per worker will have a higher share of workers with a university degree by about 0.3 % using a computer 0.112 Table 5 . ** (*) denote significant at the 5 (10) percent level. Observations: 2947. Most importantly, consistent with our fourth hypothesis we find that the magnitude of the effects is considerably higher in the ICT sector than in the service or the manufacturing sector. For ICT workers as well as for high-skilled workers in case of workers using a computers on the job the elasticity range between 0.68 and 1.08. These elasticities are quite large, suggesting that a firm with a ten percent higher share of workers using a computer at workplace will have a higher share of workers with a five-year university degree or ICT workers by about 1.6 and 3.7 percentage points, respectively. Furthermore, we find that the negative relationship, in absolute values, between ICT and both the share of workers with a degree from the dual vocational system and the share of unskilled labor is larger in services than in manufacturing. This is consistent with our conjecture that routinization of many simple and repetitive white collar tasks tends to reduce the relative demand for medium-skilled workers in services. Similarly, for high-skilled labor higher than average elasticities can be found in the ICT sector, followed by service sector.
Ordered probit estimates for expected employment movements
To check the robustness of our results we also relate the expected change in each skill type's employment share to the initial ICT penetration variables. This may reduce the endogeneity problem of ICT in the employment share equation. Doms et al. (1997) argue that the correlation between technology use and the share of skilled workers using cross-section data is primarily due to the fact that firms with a skilled workforce are more likely to adopt technologies. As dependent variables we use five categorical variables indicating whether firms plan to increase, or decrease or expect stable employment of two types of highskilled workers, two types of medium-skilled workers between 2000 and 2002. Table 8 shows the results of ordered probit estimates. Note that the higher sample size compared to the employment share equations is due to the lower share of missing information on the employment expectations. Table 9 reports marginal effects of the right hand variables on the probability that a firm expects decreasing employment as well as on the probability of increasing employment. For both categories of workers with a university degree, the estimated coefficients for computers per worker, the percentage of workers using a computer on the job as well as the percentage of workers with internet access are positive and significant at the 5 percent level (see Table 8 ). Furthermore, the use of software applications such as CAD/CAE is also an important determinant of the employment expectations of high-skilled workers as well as masters and technicians.
The marginal effects indicate that the magnitude of ICT penetration on the probability of decreasing or increasing employment is relatively low. For instance, an increase of the percentage of workers using a computer at work of about 1 percent will rise the probability to increase employment of workers with a fiveyear university degree of about 0.012 percent on the one hand and lower the probability to decrease employment by -0.08 percent on the other hand (see Table 9 ).
This confirms the results for the high-skilled employment share equations from the previous section. Furthermore, the ratio of computers per worker is significantly negatively related to employment expectations for both medium-and unskilled labor confirming results for the employment share equation from the previous section. However, the relationship between employment expectations for workers with a vocational degree and either the percentage of worker using a computer on the job or the percentage of workers with internet access remains negative but is not significant at the five percent level.
Conclusion
This paper analyzes the link between both the skill structure and employment expectations and the use of information-and communication technology using firm level data. We distinguish between six different worker categories: workers with a five-and four-year university degree, masters and technicians, workers with a certificate from the dual vocational system, unskilled workers as well as skilled ICT workers. In order to account for the censoring of the employment shares we employ both semiparametric regression methods as well as standard ML Tobit models. In addition, we use single equation ordered probit models to investigate the determinants of employment expectations. We find some significant differences between ML Tobit estimates to those estimated by semiparametric methods.
The main result is that the firms with a greater penetration of ICT employ a larger fraction of workers with a university degree, in particular workers with a five-year degree followed by workers with a four-year degree. The magnitude of this relationship is larger for computers per worker than for the percentage of workers using a computer on the job. In contrast, a greater penetration of ICT tends to reduce the share of both medium-skilled and unskilled workers.
The results are consistent with the technology-skill complementarity hypothesis. Overall, the magnitude of these elasticities is quite small. A ten percent increase in the percentage of workers using a computer on the job or the ratio of computers per worker, for instance, tends to increase the share of university graduates between 0.1 and 0.3 percentage points depending on the ICT indicator. The larger effect of ICT on the share of ICT workers can be explained by the fact that these occupations are directly related to the usage of ICT in order to install, maintain or support them. As predicted, the elasticity of the unskilled labor share with respect to both the percentage of workers with internet access exceeds the elasticity of the medium-skilled labor in absolute values indicating that ICT is a stronger substitute to unskilled labor than to medium-skilled labor. We do not find, however, that the elasticity of high-skilled labor exceeds, in absolute values, the elasticity of unskilled labor with respect to each of the three ICT penetration indicators. This finding is therefore not in line with the prediction of limited substitutability between unskilled labor and ICT. Furthermore, the significantly positive relationship between ICT penetration and either high-skilled labor or ICT workers is considerably larger in the ICT sector than in the service or manufacturing sector. Similarly, the significantly negative relationship between both unskilled or medium-skilled labor and ICT penetration is more pronounced in the ICT sector than in services or manufacturing. Finally, the use of software applications such as ERPs, database management systems, as well as CAD/CAE is also a important determinant of the firms' skill structure.
